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A method and apparatus for triggering radio link control
(RLC) re-establishment and/or protocol data unit (PDU)
discard are disclosed. An RLC entity maintains a state
variable for counting a total number of transmissions and/or
retransmissions of an RL.C PDU and its PDU segments. If
the state variable reaches a threshold, the RLC entity initi-
ates RLC re-establishment and/or discards the RLC PDU
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each time a negative acknowledgement is received for at
least a portion of the RLC PDU or when a retransmission is
considered for the RLC PDU or a portion of the RLC PDU.
The RLC entity may increase a state variable proportionate
to a retransmitted data size. The RLC entity may maintain
separate state variables for the RLC PDU and PDU seg-
ments and counts the number of transmissions and/or
retransmissions for the RLC PDU and the PDU segments.
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1
METHOD AND APPARATUS FOR
TRIGGERING RADIO LINK CONTROL
PACKET DISCARD AND RADIO LINK
CONTROL RE-ESTABLISHMENT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 12/330,807 filed Dec. 9, 2008, which claims the
benefit of U.S. Provisional Application Ser. No. 61/012,731
filed Dec. 10, 2007, the contents of which are hereby
incorporated by reference herein.

FIELD OF INVENTION

This application is related to wireless communications.

BACKGROUND

FIG. 1 shows a long term evolution (LTE) user-plane
protocol stack. The user-plane includes a packet data con-
vergence protocol (PDCP) entity, a radio link control (RL.C)
entity and a medium access control (MAC) entity.

The main functions of the RLC entity include transfer of
upper layer protocol data units (PDUs) supporting acknowl-
edged mode (AM), unacknowledged mode (UM), and trans-
parent mode (TM) data transfer, error correction through
automatic repeat request (ARQ), segmentation according to
the size of the transport block (TB), re-segmentation of RLC
PDUs that need to be retransmitted, concatenation of RLC
service data units (SDUs) for the same radio bearer, in-
sequence delivery of upper layer PDUs except at handover
in the uplink, duplicate detection, protocol error detection
and recovery, flow control between an evolved Node B
(eNB) and a wireless transmit/receive unit (WTRU), SDU
discard, RLC reset, or the like.

An RLC SDU may be segmented if the RLC SDU does
not fit entirely into the TB. The RLC SDU may be seg-
mented into variable sized RLC PDUs. If a retransmitted
PDU does not fit entirely into the new TB used for retrans-
mission, the RLC PDU may be re-segmented. The number
of re-segmentation is not limited.

According to 3GPP TS 36.322 V1.2.0, the evolved uni-
versal terrestrial radio access network (E-UTRAN) RLC
entity may perform SDU discard based on a notification
from the PDCP entity above it, as opposed to having the
RLC entity have its own SDU timer-based discard mecha-
nism like in the Release 6 UTRAN RLC. According to 3GPP
TS 36.322 V1.2.0, in E-UTRAN, a new re-segmentation
functionality will be supported in addition to supporting
segmentation. In addition to segmentation and reassembly of
RLC SDUgs, re-segmentation and reassembly of RL.C PDUs
will be supported (at least for AM data transfer).

FIG. 2 shows segmentation and re-segmentation of an
RLC PDU. An RLC SDU may be segmented into RLC
PDUs. Each RLC PDU is identified by a sequence number
(SN) that is assigned on a per-RLC PDU basis, (i.e., a PDU
SN). The RLC PDU SN is included in the RLC header.
Segmentation of the RLC SDU into RLC PDUs may be
performed once and an RLLC SDU may not be segmented
again. Instead, re-segmentation may be performed on RL.C
PDUs.

An RLC PDU may be segmented into PDU segments,
(i.e., sub-segments). As shown in FIG. 2, a sub-segment may
be identified by two parameters: a segment offset (SO) and
a segment length (SL). The SO indicates the starting position
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of'the segment within the original RLC PDU, (e.g., in bytes),
and the SL indicates the length (size) of the segment, (e.g.,
in bytes).

RLC PDU re-segmentation may be performed multiple
times without a limit according to 3GPP TS 36.322. FIGS.
3(A) and 3(B) show two RLC PDU re-segmentations (i.e.,
two occurrences of re-segmentation). In FIG. 3(A), the
second sub-segment is larger than the first sub-segment. This
might occur when the TB size selected by the lower layer is
larger than the size of the first sub-segment that needs to be
retransmitted. In FIG. 3(B), the second sub-segment is
smaller than the first sub-segment. This might occur when
the TB size selected by the lower layer is smaller than the
size of the first sub-segment that needs to be retransmitted.

In the UTRAN, the RLC AM mode performs ARQ
retransmissions. One of the parameters for the ARQ mecha-
nism is the maximum number of transmissions, MaxDAT.
MaxDAT represents the upper limit for state variable
VT(DAT). The state variable VT(DAT) counts the number
of times that an AMD PDU has been scheduled to be
transmitted. There shall be one VI(DAT) for each RLC
AMD PDU and each shall be incremented by one every time
the corresponding AMD PDU is scheduled to be transmitted.
The initial value of VI(DAT) is 0. When VT(DAT) equals
MaxDAT, either an RLC reset procedure or an SDU discard
procedure shall be initiated according to the configuration by
the upper layer.

In the E-UTRAN, it has been agreed to support the RLC
SDU discard functionality in the PDCP entity, (e.g., timer-
based discard). The PDCP entity notifies the RLC entity of
a discarded SDU/PDU so that the RLC entity discards it
from its buffers.

However, there is a need for an RLC PDU (and in turn
RLC SDU) discard criteria to be evaluated and implemented
locally in the RLC entity itself. Such mechanism may be
used to avoid protocol deadlock conditions, (e.g., indefinite
retransmissions), and/or to trigger other procedures, such as
RLC reset or re-establishment and RLC move receive win-
dow (MRW), and/or to support better quality of service
(QoS). The UTRAN RLC provides an MRW procedure
which is a signal sent by the sending RLC entity to request
the receiving RLC entity to move its reception window, and
optionally to indicate the set of discarded RL.C SDUs as a
result of an RLLC SDU discard in the sending RL.C entity.

In the UTRAN, the MaxDAT parameter was used to
discard RLC PDUs based on the number of PDU (re)
transmissions, and in turn trigger either an RLC reset
procedure or an RLC MRW procedure. For the E-UTRAN,
the straightforward MaxDAT parameter based on the num-
ber of PDU (re)transmissions may not be used due to the
introduction of the new functionality of re-segmentation in
the E-UTRAN, which makes the straightforward counting of
PDU (re)transmissions inappropriate as a discard criterion
for RLC PDUs.

Therefore, it would be desirable to provide methods and
criteria to discard an RLC PDU, and/or in turn the corre-
sponding RL.C SDU(s), and/or to trigger other procedures,
such as RLC reset or re-establishment.

SUMMARY

A method and apparatus for triggering RLC packet dis-
card and/or RLC re-establishment are disclosed. An RLC
entity maintains a state variable for counting a total number
of transmissions and/or retransmissions of an RLC PDU and
its PDU segments. If the state variable reaches, (i.e., equal
t0), a predetermined threshold, the RLC entity may discard
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the RLC PDU and segments of the RLC PDU and/or initiate
RLC re-establishment. The state variable associated with the
RLC PDU may be incremented each time a negative
acknowledgement (NACK) is received for at least a portion
of the RLC PDU or when a retransmission is considered for
the RLC PDU or portion of the RLC PDU. The state variable
associated with the RLC PDU may not be incremented when
the RLC PDU or portion of the RLC PDU considered for
retransmission is already pending retransmission.

Alternatively, the RLC entity may increase a state variable
proportionate to a retransmitted data size of the RL.C PDU
or its PDU segments. The state variable counts a total data
size of transmissions and/or retransmissions of the RLC
PDU and its PDU segments, and if the state variable reaches
or exceeds a predetermined threshold, the RLC entity may
discard at least one of the RLC PDU and segments of the
RLC PDU and/or initiate RLC re-establishment.

BRIEF DESCRIPTION OF THE DRAWINGS

A more detailed understanding may be had from the
following description, given by way of example in conjunc-
tion with the accompanying drawings wherein:

FIG. 1 shows a long term evolution (LTE) user-plane
protocol stack;

FIG. 2 shows segmentation and re-segmentation of an
RLC PDU;

FIGS. 3(A) and 3(B) show two RLC PDU re-segmenta-
tions, respectively;

FIG. 4 is a flow diagram of a process for packet discard
and/or RLC re-establishment in accordance with a first
embodiment;

FIG. 5 is a flow diagram of a process for packet discard
and/or RLC re-establishment in accordance with a second
embodiment;

FIG. 6 is a flow diagram of a process for packet discard
and/or RLC re-establishment in accordance with a third
embodiment; and

FIG. 7 is a flow diagram of a process for packet discard
and/or RLC re-establishment in accordance with a fourth
embodiment.

DETAILED DESCRIPTION

When referred to hereafter, the terminology “wireless
transmit/receive unit (WTRU)” includes but is not limited to
a user equipment (UE), a mobile station, a fixed or mobile
subscriber unit, a pager, a cellular telephone, a personal
digital assistant (PDA), a computer, or any other type of user
device capable of operating in a wireless environment.
When referred to hereafter, the terminology “eNB” includes
but is not limited to a base station, a Node-B, a site
controller, an access point (AP), or any other type of
interfacing device capable of operating in a wireless envi-
ronment.

Hereinafter, both “segmented PDU” and “re-segmented
PDU” refer to “PDU segment”, and the terminology “seg-
mented PDU”, “re-segmented PDU”, “PDU segment”, and
“sub-segment” will be used interchangeably. When referred
to hereafter, the terminology “RLC re-establishment™ is used
interchangeably with the terminology “RLC reset”. When
referred to hereafter, the term “packet” refers to RLC SDU,
RLC PDU, or PDU segment.

In accordance with a first embodiment, the total number
of transmissions or retransmissions is calculated for a given
RLC PDU and its PDU segments to determine whether to
discard such RLC PDU and/or to initiate an RLC re-
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establishment procedure. Alternatively, the total number of
transmission failures, (e.g., the number of NACKs), for
transmitted RL.C PDUs or PDU segments may be calculated.

Two parameters, MaxTotalTrans and VT (TotalTrans), are
defined. MaxTotalTrans is a threshold for deciding whether
an RLC PDU needs to be discarded and/or if RLC needs to
be reestablished. VT(TotalTrans) is a state variable counting
the number of times an RL.C PDU and its PDU segment has
been (re)transmitted or when it is considered for retransmis-
sion. One VT(TotalTrans) is generated for an associated
RLC PDU and incremented every time the RL.C PDU or its
PDU segment is (re)transmitted or scheduled to be (re)
transmitted. The initial value of VT (TotalTrans) is 0. The
VT(TotalTrans) may be initialized when the first time the
RLC PDU is considered for retransmission.

FIG. 4 is a flow diagram of a process 400 for RL.C
re-establishment and/or packet discard in accordance with
the first embodiment. An RLC entity generates and transmits
an RLC PDU (step 402). Subsequently, it is determined
whether the RLC PDU or a portion of the RLC PDU is
considered for retransmission (step 404). If the RLC PDU or
a portion of the RLC PDU is not considered for retransmis-
sion, (i.e., transmission of the RLC PDU is successful), the
process 400 ends.

If the RLC PDU or a portion of the RLC PDU is
considered for retransmission, it is further determined
whether the RLC PDU is considered for retransmission for
the first time (step 406). If the RLC PDU is considered for
retransmission for the first time, the variable VT(TotalTrans)
associated with the RL.C PDU is set to ‘0’ (step 414) and the
RLC PDU is delivered to the MAC entity for retransmission
(step 416).

If it is not the first time that the RL.C PDU or a portion of
the RLC PDU is considered for retransmission, it is further
determined whether the RLC PDU or the PDU segment, or
a portion of the RLC PDU or of the RLC PDU segment
considered for retransmission already pending retransmis-
sion, (e.g., the RLC PDU or a portion of the RLC PDU or
PDU segment considered for transmission is already in the
retransmission buffer), (step 407). If so, the process 400
ends. If not, the associated variable VT (TotalTrans) is incre-
mented by one for each of the RLC PDU or PDU segments,
(i.e., the number of retransmissions is counted), or for each
PDU or PDU segment that is considered for retransmission,
(i.e., the number of retransmission failures is counted) (step
408).

The state variable VT(TotalTrans) may not be incre-
mented if the RLC PDU or a portion of the RLC PDU
considered for retransmission is already pending retransmis-
sion or if a portion of the RLC PDU is already pending
retransmission, (e.g., the RLC PDU or a portion of the RLC
PDU considered for transmission is already in the retrans-
mission buffer), to avoid double counting of retransmissions.
It is then determined whether the variable VT(TotalTrans) is
equal to the predetermined threshold (MaxTotalTrans) (step
410). If VT(TotalTrans) is not equal to MaxTotalTrans, the
RLC PDU or a PDU segment is delivered to the MAC entity
for retransmission (step 416).

If VT (TotalTrans) is equal to MaxTotalTrans, one or more
of the following actions may be performed (step 412):

(1) Discard the corresponding RLLC PDU and/or PDU
segment,

(2) Discard all SDUs that have segments contained in the
RLC PDU or PDU segment;

(3) Discard all RL.C PDUs or PDU segments that contain
segments of the discarded SDUs;
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(4) Initiate an MRW procedure, (i.e., send an MRW to
notify the peer RLC entity of the discarded PDU(s) and/or
SDU(s)); and

(5) Initiate RLC reset or re-establishment.

Alternatively, the state variable VT (TotalTrans) may be
initialized when the RLC PDU is transmitted or retransmit-
ted for the first time.

In accordance with a second embodiment, the total “size”
of'the transmitted and/or retransmitted data corresponding to
a given RLC PDU is used to determine whether to discard
the RLC PDU. The total number of bytes that are transmitted
and retransmitted for a particular PLC PDU is calculated and
used as a criterion for RLC PDU discard.

Two parameters, MaxBytes and VT(Bytes), are defined.
MaxBytes is a threshold for deciding whether an RL.C PDU
needs to be discarded or not. VI (Bytes) is a state variable
counting the number of bytes that are transmitted or sched-
uled to be transmitted in an RLC PDU or its PDU segments.
There is one VT (Bytes) for each RLC PDU and VT(Bytes)
is incremented by the size of the RLC PDU or its PDU
segment every time the RL.C PDU or its PDU segment(s) is
(re)transmitted or scheduled to be (re)transmitted. The initial
value of VT (Bytes) is zero.

It should be noted that although “bytes” are used as a unit
of data size, other units may be used to represent the data
size, (e.g., number of x bytes, number of slices or bits, or any
other unit).

FIG. 5 is a flow diagram of a process 500 for RLC
re-establishment and/or packet discard in accordance with
the second embodiment. An RLC entity generates an RL.C
PDU (step 502). An initial value of the variable VT (Bytes)
for the RLC PDU is reset to ‘0° (step 504). The RLC entity
increases the value of the corresponding VT (Bytes) by the
size of the RLC PDU and the RLC PDU is transmitted (step
506). Creation and reset of the VI (Bytes) at the time of
initial transmission of the RL.C PDU at steps 504 and 506 are
optional. The state variable VT(Bytes) may not be created at
the time of initial transmission of the RL.C PDU, but may be
created later if retransmission of the RLC PDU occurs or is
scheduled to occur. The state variable VT(Bytes) may be
initialized to zero and incremented at the time of initial
transmission (or at the time of first retransmission if
VT(Bytes) is created at the time of first retransmission) and
may be incremented at each subsequent transmission. Alter-
natively, the state variable VT(Bytes) may be initialized to
zero at the time of initial transmission (or at the time of first
retransmission if VT (Bytes) is created at the time of retrans-
mission) and may be incremented at each subsequent trans-
mission.

After transmission of the RLC PDU, it is determined
whether the RLC PDU needs to be retransmitted (step 508).
If the RLC PDU does not need to be retransmitted, (e.g., by
receiving an ACK), the process 500 ends. If the RL.C PDU
needs to be retransmitted, (e.g., by receiving a NACK), the
RLC PDU may be segmented. The variable VT(Bytes) is
increased by the size of the retransmitted RLC PDU if the
RLC PDU is retransmitted without segmentation or by the
size of the transmitted PDU segments if the RLC PDU is
segmented (step 510). For example, after transmitting an
RLC PDU, the variable VT(Bytes) is increased by the size
of the RLC PDU. If a NACK is received for the RLC PDU
and the RLC PDU is segmented into three PDU segments,
the variable VT (Bytes) is increased by the size of the RLC
PDU. After transmitting the three PDU segments, if one
PDU segment is NACKed and retransmitted, the variable
VT(Bytes) is increased by the size of the retransmitted PDU
segment.
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It is then determined whether VT(Bytes) is equal to or
greater than MaxBytes (step 512). If VI(Bytes) is smaller
than MaxBytes, the RLC PDU or its PDU segments are
delivered to the MAC entity for retransmission at step 514
and the process 500 returns to step 508.

If VT (Bytes) equals to or greater than MaxBytes, one or
more of the following is performed (step 516):

(1) Discard the RLC PDU and its PDU segments;

(2) Discard all RL.C SDUs that have segments contained
in the RL.C PDU or its PDU segments;

(3) Discard all RL.C PDUs or PDU segments that contain
segments of the discarded RL.C SDUs;

(4) Initiate an MRW procedure, (i.e., send an MRW
command to notify the peer RLC entity of the discarded
PDU(s) and/or SDU(s)); and

(5) Initiate RLC reset or re-establishment.

Alternatively, the variable VT (Bytes) may be increased
when the RLC PDU (or PDU segments) is scheduled for
transmission or retransmission, (e.g., after the RLC entity
receives a NACK but before segmenting the RLC PDU). For
example, after transmitting an RLC PDU, the variable
VT(Bytes) is incremented by the size of the RLC PDU. If a
NACK is received and the RLC PDU is scheduled for
retransmission, the variable VT(Bytes) is increased by the
size of the RLC PDU. Assuming that the RLC PDU is
segmented into three PDU segments, the three PDU seg-
ments are transmitted. If one PDU segment is NACKed and
scheduled for retransmission, the variable VT(Bytes) is
increased by the size of the NACKed PDU segment.

Alternatively, the initial RLC PDU size may not be
included in the VT(Bytes) and only the size of retransmitted
RLC PDU or PDU segment(s) may be accumulated in the
VT(Bytes).

The threshold MaxBytes may be a configurable parameter
or may be derived from another parameter. The threshold
MaxBytes may be made flexible and be calculated for each
RLC PDU based on the initial RLLC PDU size. This provides
better performance especially considering that the segmen-
tation is performed in accordance with the TB size which
implies a flexible PDU size. For example, MaxBytes may be
calculated using a factor, (i.e. multiple), that is multiplied by
the initial size of the PDU as follows:

MaxBytes=MaxBytesFactor*(Size of Initial RLC
PDU).

The MaxBytesFactor may be an IE that is configurable by
an RRC entity. Such factor or multiplier may have other
plausible names, such as “Transmission Size Factor” or
“Retransmission Size Factor”, etc. The advantage of this
approach is that one may control the amount of times that the
bytes of an RLC PDU can get (re)transmitted. For example,
using a MaxBytesFactor of 3, one can ensure that the data
contained in an RLC PDU will not be transmitted or
(re)transmitted more than 3 times. The factor may be a real
number or an integer.

In accordance with a third embodiment, the number of
transmissions or retransmissions is counted both on a per
RLC PDU and on a per PDU segment basis. One state
variable is generated for an initial RL.C PDU and each PDU
segment that results from the initial RLC PDU, respectively.
When creating an RL.C PDU, one corresponding state vari-
able VTO0(Trans) is created for the initial RLC PDU. When
the RLC PDU is segmented for retransmission, one state
variable VTi(Trans) is created for each PDU segment i.

Two parameters, MaxTrans and VTi(Trans), are defined.
MaxTrans is a threshold for deciding whether an RL.C PDU
or a PDU segment needs to be discarded or not. More than
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one threshold value may be specified, (i.e., MaxTrans_i),
depending on the level of re-segmentation. VTi(Trans) is a
state variable counting the number of times an RLC PDU or
a PDU segment has been scheduled to be transmitted or
retransmitted. There is one VTi(Trans) for each PDU or
PDU segment, and each VTi(Trans) is incremented by one
every time the corresponding RL.C PDU or PDU segment is
scheduled to be transmitted or retransmitted. The initial
value of VTi(Trans) is O.

FIG. 6 is a flow diagram of a process 600 for RLC
re-establishment and/or packet discard in accordance with
the third embodiment. An RLC entity generates an RLC
PDU (step 602). An initial value of the variable VT0(Trans)
for the RLC PDU is reset to ‘0’ (step 604). The index i=0 is
used to refer to the initial RLC PDU. The RLC entity
increments the value of the corresponding VT0(Trans) by
one and the RL.C PDU is transmitted (step 606).

After transmission of the RLC PDU, it is determined
whether the RLC PDU needs to be retransmitted (step 608).
If the RLC PDU does not need to be retransmitted, (e.g., by
receiving an ACK), the process 600 ends. If the RL.C PDU
needs to be retransmitted, (e.g., by receiving a NACK), the
RLC PDU may be segmented.

If RLC PDU is retransmitted without segmentation, the
RLC entity increments VTO(Trans) by one, and if the RLC
PDU is segmented for retransmission, (i.e., if an PDU
segment i is transmitted), the RLC entity updates VTi(Trans)
as follows (step 610):

If the PDU segment i is transmitted for the first time, the

value of the corresponding VTi(Trans) is calculated as
follows:

VZi(Trans)=V7k(Trans)+1,

where k is the index referring to the RLC PDU or PDU
segment that is the parent (or the predecessor) of this PDU
segment i; and

If the PDU segment i is being retransmitted, the value of

the VTi(Trans) is incremented by one.

It is then determined whether, for any index i, VTi(Trans)
is equal to or greater than MaxTrans (step 612). If VTi
(Trans) is smaller than MaxTrans, the RLC PDU (or PDU
segment) is delivered to the MAC entity for retransmission
at step 614 and the process 600 returns to step 608.

If VTi(Trans) equals to or greater than MaxTrans, one or
more of the following actions is performed (step 616):

(1) Discard the corresponding RLLC PDU and/or PDU
segment,

(2) Discard all SDUs that have segments contained in the
RLC PDU or PDU segment;

(3) Discard all RL.C PDUs or PDU segments that contain
segments of the discarded SDUs;

(4) Initiate an MRW procedure, (i.e., send an MRW to
notify the peer RLC entity of the discarded RLC PDU(s)
and/or RLC SDU(s)); and

(5) Initiate RLC reset or re-establishment.

Alternatively, only the number of retransmissions may be
counted, and the initial transmission may not be counted in
VTO(Trans) of an RLLC PDU. The variable VTi(Trans) may
be created at the time of retransmission.

Alternatively, more than one counter (state variable) may
be used for the initial RLC PDU. The counters may be
allocated to calculate the number of (re)transmission for
different data ranges within the RLLC PDU, and updated
whenever an RLC PDU or PDU segment that contains data
that belongs to such data range is transmitted. For example,
for each RLC PDU, (i.e., an RL.C PDU that is transmitted for
the first time), N VTn(Trans) variables, n=0 . . . (N-1), are
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initialized to ‘0’. Each of the N VTn(Trans) variables
corresponds to one of N data ranges within the RLC PDU.
Each time an RLLC PDU or PDU segment is scheduled for
transmission or retransmission, if that RLC PDU or PDU
segment contains data belonging to the range associated
with a particular VTn(Trans), the RLC entity increments the
value of the corresponding VTn(Trans) by 1. If the RLC
PDU or PDU segment contains data associated with more
than one data range, more than one corresponding VTn’s are
incremented.

In accordance with a fourth embodiment, a timer, (Dis-
card_Timer), is started for an RLC PDU upon its first
transmission. The timer is associated with the initial RLC
PDU.

FIG. 7 is a flow diagram of a process 700 for RLC
re-establishment and/or packet discard in accordance with
the fourth embodiment. An RLC entity generates an RL.C
PDU (step 702). Discard_Timer for the RLC PDU starts
(step 704). After transmission of the RL.C PDU, it is deter-
mined whether the RLC PDU needs to be retransmitted (step
706). If the RLC PDU does not need to be retransmitted,
(e.g., by receiving an ACK), the process 700 ends. If the
RLC PDU needs to be retransmitted, (e.g., by receiving a
NACK), the RLLC PDU may be segmented.

At the time of retransmission of the RLC PDU or PDU
segment, it is determined whether the Discard_Timer has
expired (step 708). If the Discard_Timer has not expired, the
RLC PDU or PDU segment is delivered to an MAC entity
for transmission at step 710 and the process 700 returns to
step 706. If the Discard_Timer has expired, one or more of
the following actions is performed (step 712):

(1) Discard the corresponding RLLC PDU and/or PDU
segment,

(2) Discard all SDUs that have segments contained in the
RLC PDU or PDU segment;

(3) Discard all RL.C PDUs or PDU segments that contain
segments of the discarded SDUs;

(4) Initiate an MRW procedure, (i.e., send an MRW to
notify the peer RLC entity of the discarded PDU(s) and/or
SDU(s)); and

(5) Initiate RLC reset or re-establishment.

The initial value of the Discard_Timer may be a specified
value, a value that is related to, (e.g., the remainder of), the
RLC SDU discard timer, or a value that is related to, (e.g.,
the remainder of), the PDCP SDU/PDU discard timer.

In the fourth embodiment, only one timer (state variable)
may be associated with the initial RLC PDU. Alternatively,
a separate timer (state variable) is associated with each PDU
segment and initiated when a PDU segment is transmitted.
Hence, every RLC PDU or PDU segment has its own timer
that is started upon the first transmission (not the retrans-
mission) of the PDU or PDU segment, respectively.

The parameters described above may be configured via
RRC signaling. Those parameters include MaxTotalTrans,
MaxTotalTrans_i, “No_discard after MaxTotalTrans of
transmissions”, “SDU (or PDU) discard after MaxTotal-
Trans of transmissions”, MaxBytes, MaxBytesFactor,
“No_discard after MaxBytes of transmissions”, “SDU (or
PDU) discard after MaxBytes of transmissions”, MaxTrans,
MaxTrans_i, “No_discard after MaxTrans of transmis-
sions”, “SDU (or PDU) discard after MaxTrans of transmis-
sions”, discard timer value, “No_discard after timer”, and
“SDU (or PDU) discard after timer”.

There may be different thresholds or timer values for
different initial PDUs. The described configuration param-
eters are optional, and some of them may or may not exist.
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The names of the parameters may be different. For example,
VT(Bytes) or MaxBytes may be named differently such as
VT(DAT) or MaxDAT.

The above parameters may be specified as [Es that may be
carried in any RRC message. For example, the parameters
may be carried in RRC connection reconfiguration message,
RRC connection re-establishment message, or any other
RRC messages. Those RRC messages may be exchanged at
radio bearer (RB) setup, handover, radio link failure event,
or any other events. The IEs may be included as part of a
larger IE. The IEs may be applied on a per-Radio Bearer
Basis.

The packet discard condition for the threshold may be set
differently. For example, instead of “equal to or greater
than”, “greater than” may be used.

The embodiments may be applied to an RL.C SDU instead
of'an RL.C PDU. The state variables disclosed herein may be
associated with an RLC SDU instead of an RLC PDU. The
embodiments are applicable to both RLC AM and UM.

The embodiments are applicable even if terminologies
change. For example, if the term “PDU segment” is replaced
by another term, or if the term “PDU” is defined to encom-
pass any packet that is outputted from the RLC including
“PDU segment”.

The embodiments are still applicable even if there are
future changes or modifications to the RLC sub-layer’s
functionality. For example, the embodiments are still appli-
cable if SDU re-segmentation is employed instead of PDU
re-segmentation. The same embodiments for PDU re-seg-
mentation may be applied in the case of SDU re-segmen-
tation, (e.g., the SO will indicate the (starting) position of the
segment within the original SDU, (e.g., in bytes), and the SL.
will indicate the length of the segment, (e.g., in bytes). The
embodiments may still apply if a different mechanism is
used for re-segmentation (other than the segment offset/
length approach).

Although features and elements are described above in
particular combinations, each feature or element can be used
alone without the other features and elements or in various
combinations with or without other features and elements.
The methods or flow charts provided herein may be imple-
mented in a computer program, software, or firmware incor-
porated in a computer-readable storage medium for execu-
tion by a general purpose computer or a processor. Examples
of computer-readable storage mediums include a read only
memory (ROM), a random access memory (RAM), a reg-
ister, cache memory, semiconductor memory devices, mag-
netic media such as internal hard disks and removable disks,
magneto-optical media, and optical media such as CD-ROM
disks, and digital versatile disks (DVDs).

Suitable processors include, by way of example, a general
purpose processor, a special purpose processor, a conven-
tional processor, a digital signal processor (DSP), a plurality
of microprocessors, one or more MiCroprocessors in asso-
ciation with a DSP core, a controller, a microcontroller,
Application Specific Integrated Circuits (ASICs), Field Pro-
grammable Gate Arrays (FPGAs) circuits, any other type of
integrated circuit (IC), and/or a state machine.

A processor in association with software may be used to
implement a radio frequency transceiver for use in a wireless
transmit receive unit (WTRU), user equipment (UE), termi-
nal, base station, radio network controller (RNC), or any
host computer. The WTRU may be used in conjunction with
modules, implemented in hardware and/or software, such as
a camera, a video camera module, a videophone, a speak-
erphone, a vibration device, a speaker, a microphone, a
television transceiver, a hands free headset, a keyboard, a
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Bluetooth® module, a frequency modulated (FM) radio unit,
a liquid crystal display (LCD) display unit, an organic
light-emitting diode (OLED) display unit, a digital music
player, a media player, a video game player module, an
Internet browser, and/or any wireless local area network
(WLAN) or Ultra Wide Band (UWB) module.

What is claimed is:

1. A method for triggering radio link control (RLC)
re-establishment, the method comprising:

transmitting an RLC protocol data unit (PDU) for a first

time as a first transmission;

initializing a state variable to zero on a condition that the

RLC PDU is considered for retransmission for a first
time as a first retransmission following the first trans-
mission;

incrementing the state variable associated with the RL.C

PDU on a condition that at least a portion of the RLC
PDU is considered for retransmission as a subsequent
retransmission subsequent to the first retransmission;
and

initiating RLC re-establishment based on a threshold test

of the state variable.

2. The method of claim 1 wherein the state variable is not
incremented on a condition that the at least a portion of the
RLC PDU considered for retransmission is already in a
retransmission buffer.

3. The method of claim 1 further comprising:

discarding an RLC service data unit (SDU) at least a

portion of which is contained in the RLC PDU; and
discarding an RLC PDU and a PDU segment that contain
at least a portion of the discarded RL.C SDU.

4. The method of claim 1 further comprising:

performing a move receive window (MRW) procedure.

5. The method of claim 1 further comprising:

discarding at least one of the RL.C PDU and segments of

the RLC PDU.
6. An apparatus configured to trigger radio link control
(RLC) re-establishment, the apparatus comprising:
a transmitter configured to transmit an RL.C protocol data
unit (PDU) for a first time as a first transmission; and

an RLC entity configured to set a state variable to zero on
a condition that the RLC PDU is considered for retrans-
mission for a first time as a first retransmission follow-
ing the first transmission;

the RLC entity further configured to increment the state

variable associated with the RLC PDU on a condition
that at least a portion of the RL.C PDU is considered for
retransmission as a subsequent retransmission subse-
quent to the first retransmission;

the RLC entity further configured to initiate RLC re-

establishment based on a threshold test of the state
variable.

7. The apparatus of claim 6 wherein the RLC entity is
configured to not increment the state variable on a condition
that the at least a portion of the RL.C PDU considered for
retransmission is already in a retransmission buffer.

8. The apparatus of claim 6 wherein the RLC entity is
further configured to discard an RLC service data unit
(SDU) at least a portion of which is contained in the RLC
PDU and discard an RLLC PDU and a PDU segment that
contains at least a portion of the discarded RLC SDU.

9. The apparatus of claim 6 wherein the RLC entity is
further configured to perform a move receive window
(MRW) procedure.
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10. The apparatus of claim 6 wherein the RLC entity is
further configured to discard at least one of the RLC PDU
and segments of the RLC PDU.
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